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the actual cross-sectional area. As we load the test piece further, the true stress 
continues to increase and in the fully plastic regime it becomes closer to reality. 

The concept of true strain can be related to engineering strain given by Eq. (1.2) 
in a way similar to the relation of true stress to engineering stress [29]. The true 
strain at any stage of loading may be obtained by dividing a small increment of 
deflection by the actual gage length. This strain can be calculated as 

e t = ln(l + e) (1.22) 

For instance, when engineering strain is 25%, the true strain obtained from Eq. 
(1.22) is 22%. Note that the natural logarithm is used in the foregoing equation. 

It should be pointed out in general that when the strains are small, it is of 
little consequence whether the stress is calculated from the original or the actual 
dimensions of the structural member under load. When the strains are expected 
to be large, such as in special metal forming processes, the differences between the 
engineering and the so-called true strain values can be appreciable. 


SYMBOLS 

A Cross-sectional area, in. 2 (mm 2 ) 

E Modulus of elasticity, psi (N/mm 2 ) 

K Bulk modulus, psi (N/mm 2 ) 

L Length, in. (mm) 

A L Change in length, in. (mm) 

r Radius of solid bar, in. (mm) 

Ar Change in radius, in. (mm) 

S General symbol for stress, psi (N/mm 2 ) 
S T Stress along x axis, psi (N/mm 2 ) 

S y Stress along y axis, psi (N/mm 2 ) 

S z Stress along z axis, psi (N/mm 2 ) 

U' Unit strain energy, lb-in. (N-mm) 
u Lateral strain, in./in. (mm/mm) 

V Volume of stressed material, in. 3 (mm 3 ) 
V' Original volume, in. 3 (mm 3 ) 

AV Change in volume, in. 3 (mm 3 ) 

W External load, lb (N) 

e Engineering strain, in./in. (mm/mm) 

e t True strain, in./in. (mm/mm) 

e x Strain in x direction, in./in. (mm/mm) 

e y Strain in y direction, in./in. (mm/mm) 

e 2 Strain in z direction, in./in. (mm/mm) 

v Poisson’s ratio 



